simulate the effects of seawater intrusion into a coastal carbonate aquifer at the laboratory scale. 20
The limestone had a high affinity to adsorb PO 4 3-in DIW, while PO 4 3-adsorption was 21 significantly less in the presence of seawater. Dissolution of calcium carbonate was found to 22 prevent PO 4 3-adsorption at salinities less than 30 psu. Adsorption of PO 4 3-was limited at higher 23 salinities (30 -36 psu), due to competition with bicarbonate ions for adsorption sites. At a 24 salinity of 36, some PO 4 3-absorption occurred as calcium carbonate precipitated. Concentrations 25 of PO 4 3-between 2 and 5 µmol/L were released by desorption when the limestone was exposed 26 to seawater. The results of this study suggest that as seawater intrudes into an originally 27 freshwater coastal aquifer, adsorbed PO 4 3-maybe released into the groundwater. Additionally, 28 adsorbed PO 4 3-is expected to be released from coastal carbonate aquifers world-wide as sea level 29 continues to rise and expose more of the freshwater aquifer to seawater. 3-(C in /C out ) increased quickly to 0.1 within 3 L 143 discharged, and then increased slowly throughout the remaining 45 L to just over 0.2 (Figure 2) . 144
The final concentration of P discharged from the limestone was 1.9 µmol/L. The mass of PO 4 3-adsorbed to this point was 421 µmoles (Table 1) . Upon flushing with blank DIW, only about 6 146 µmoles was desorbed from the limestone. 147
With a PO 4 3-input concentration of 20 µmol/L, PO 4 3-was detected in the first L 148 discharged, and the PO 4 3-ratio increased slowly to near 0.45 for the remaining 45 L (Figure 2 ). 149
The final P concentration was 9 µmol/L. The total mass of PO 4 3-input to the limestone in the 150 first phase of the experiments was 1676 µmoles ( Table 1) (Table 1) . 164
The amount of PO 4 3-adsorbed in the seawater experiment was significantly lower than 165 the 75 % retention observed for a similar PO 4 3-concentration in DIW from the Phase I 166 experiments (Table 1) . To determine if the low amount of PO 4 3-retained on the limestone in the 167 seawater was not a factor of adsorption sites filled during the phase I experiments, the stone was 168 (Table 1) . During these flushes, an additional 150 µmoles of PO 4 3-were desorbed. As a final 170 test to determine if the adsorption sites on the limestone were close to being filled, DIW 171 containing 8 µmol/L was input to the stone as the final experiment of phase II. During this last 172 test, 299 µmoles or 80% of the initial PO 4 3-in the DIW was retained on the limestone. This 173 amount exceeded the amount desorbed during the two previous flushing steps (Table 1) (Table 1) . 184
185

Geochemical Analysis 186
The initial pH of the DIW ranged from 5.06 to 5.90. For the Gulf Stream seawater, the 187 initial pH varied from 8.06 to 8.14. Throughout the experiments using DIW, the pH increased in 188 the discharge water to values greater than 9 ( Figure 5 ). In one DIW experiment, the pH 189 increased to a value as high as 9.89. Conversely, in the seawater experiments the pH decreased 190 in the discharge water from a high value above 9.05, as a consequence of the DIW flushing, to a 191 low value of 7.55 ( Figure 5) . 192
The ions Mg 2+ , Ca 2+ and HCO 3 -were found to be non-conservative compared to Cl significantly higher than that observed in the DIW experiments suggesting that the dissolution of 256 calcium carbonate was greater in seawater as compared to the DIW (Figs. 7-8 released in the salinity range of 0 to 28, was greater than expected for dissolution of a low-263 magnesium calcite (<10% MgCO 3 ). 264
For salinity values greater than 30 psu, HCO 3 -concentrations were depleted relative to 265 conservative mixing (Fig. 8) . A depletion of inorganic carbon in mixing zone groundwaters was 266 previously explained by an outgassing of CO 2 across the water table (Price and Herman, 1999) . 267
Since the experimental apparatus used in these experiments did not lend to an exchange of CO 2 , 268 then adsorption of HCO 3 -onto the limestone most likely explained the HCO 3 -depletion. (Fig. 3) . A moderate amount of PO 4 3-adsorption was observed in the seawater 273 experiments over a salinity range of 33.6 to 36.5 psu (Fig. 3) . At these high salinity values, 274 precipitation of CaCO 3 was expected (Fig. 9) , which in turn would increase the surface area 275 available for PO 
